Degradation of Methylene Blue by Titania Doped with Transition Metal and Nitrogen  by Kim, Wan-Su et al.
 Energy Procedia  61 ( 2014 )  2456 – 2459 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
doi: 10.1016/j.egypro.2014.12.022 
The 6th International Conference on Applied Energy – ICAE2014
Degradation of Methylene Blue by Titania doped with 
Transition Metal and Nitrogen
Wan-Su Kima, Gi-Tae Janga, Ji-Eun Leea, Dong-Seok Rheea*
aDepartment of Environmental Engineering, Kangwon National University, Chunchon, Kangwon-Do, 200-701, Republic of Korea
Abstract
For introduction of low energy consuming system in photocatalytic oxidation process, transition metal and nitrogen 
doped TiOYG were synthesized with urea and nitrate salt of 4-periodic transition metal elements and their 
photoactivation characteristics was investigated. In order to find out the photochemical characteristics of produced 
TiOY, we have conducted the methylene blue dye decomposition experiment by setting BLB Lamp as a light source. 
Photocatalyst of nitrogen doped TiOYG showed higher photoactive effects than pure TiOYG but transition metal and 
nitrogen co-doped TiOYGphotocatalyst showed lower photocatalytic effects than only transition metal doped TiOY.
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Introduction
A commonly used method for adjusting the band gap of TiO2 photocatalyst is to dopping metal ions or 
non-metal ions on the surface of photocatalyst. If doping metal ions on the surface of photocatalyst, 
dopped metal ions trap excited electrons, causing the effect that holes last longer. Also, if doping 
transition metal ions such as Cr or Fe, Cu, Zn etc. to TiO2 photocatalys, disturbances occur in the band 
gap of photocatalyst so light energy with larger wavelength can be absorbed compared to pure TiO2 [1,2]. 
There is an optimal value in doping of metal ions and more dopant addition than this brings about the 
effect of accelerating the recombination of electrons and holes and the activity of photocatalyst does not 
increase [3]. We cannot expect the electron trapping effect of metal ions from the doping of non-metal 
ions but it brings about the effect of increasing the wavelength of the optical absorption of photocatalyst 
by forming a weak Acceptor level on the valence band. Nitrogen is a typical non-metal doping element 
for TiO2. If an nitrogen atom is substituted with oxygen within TiO2 crystal lattice, the 2p level of 
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nitrogen is located in a higher place than the valence band of TiO2 and the photoactive wavelength of 
photocatalyst increases by the mixture of N(2p) level and O(2p) level [4].
In this study, we prepared photocatalyst in which nitrogen and transition metal are substituted at the 
same time by using nitrogen doping and transition metal doping used as a representative Improvement of 
TiO2 photocatalyst. The nitrate salt of 5 kinds of 4-periodic transition metal elements where Ti belongs 
was selected as a metallic element and Urea as a source of nitrogen. We prepared nitrogen and transition 
metal doping photocatalyst by using the sol-gel method and tried to find out photochemical properties of 
this photocatalyst through the methylene blue decomposition experiment.
Experimental method
1.1. Preparation of TiO2 photocatalyst using the sol-gel method
In order to prepare TiO2 photocatalyst, we prepared TTIP solution by stirring IPA 75 mL and TTIP 15 
mL for 30 minutes. We prepared TiO2 sol by stirring 15mL of metallic salts(Nitrate salt of Chromium, 
manganese, iron, copper, and zinc – amount of 1 mol% of prepared titania) and urea(amount of 25 mol% 
of prepared titania) dissolved aqueous solution to be doped for 2 hours while inserting it slowly in the 
prepared solution so that the hydrolysis reaction can be made with a precision pump. And we prepared 
TiO2 particles in the amorphous state by drying prepared TiO2 sol at 120 oC for 24 hours with a dryer and 
prepared M-TiO2 particles and M-N-TiO2 particles by heat treating these particles at 550 oC for 3 hours in 
the heating rate of 5.72 oC/min with an electric furnace and finally washing and drying them. 
1.2. Methylene blue decomposition experiment 
We conducted the Methylene blue decomposition experiment by using prepared photocatalyst. The 
reaction part is a beaker made of pyrex and we let photoactivation of photocatalyst happen by installing 
BLB Lamp emitting UV-A in the range of 300 ~ 400 nm at the top of the reaction part.  First, we inserted 
10 ppm of photocatalyst in 10 ppm Methylene blue solution and then stirred it. When photocatalyst was 
fully dispersed, we turn on a light source and irradiating the light to the sample. In order to check 
photodegradation reaction, absorbance was measured at 663 nm by taking samples at regular time. The 
experimental methods are summarized in Fig 1. and Table 1.
1.3. Assessment on Characteristics of Prepared Photocatalyst 
In order to identify the crystal phase of prepared photocatalyst particles, we carried out XRD analysis 
by using PANalytical, X'pert-pro MPD. To observe the shape and size of photocatalyst particles, we 
conducted SEM and EDS analysis by using HITACHI, S-4300.
G
Fig 1. Methylene blue removal experiment 
using Photoreactor and photocatalyst
Table 1.  Parameters of the Methylene blue removal experiment
Removal substance 10 ppm Methylene blue 300 mL
Photo catalyst 0.036 g Prepared photocatalyst
Light source Sankyo denki BLB Lamp-F20T10BLB, 2O W (X 2)
Reactor type Batch Type
Reaction time 120 min
Sampling time 0 ~ 30 min : 10 minute intervals30~120 min : 30 minute intervals
Measurement Absorbance(663 nm)
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Results and Discussion 
1.4. SEM measurement results of prepared TiOYGphotocatalyst 
Fig 2. shows SEM images for some of prepared photocatalyst. From the results of SEM image shape, 
it can be seen that TiO2 photocatalyst has the particle shape that infinitesimal particles gather to form 
larger flocculated particles. It was found that the particle size of microparticles and flocculated particles 
of N- TiO2 appears smaller than that of PURE-TiO2 and this is assumed to be due to the fact that urea 
added as a source of nitrogen destroyed the structure of particles as decomposed into gas in the heat 
treatment process of high temperature. Zn-TiO2 and Zn-N-TiO2 particles have the angled form and show 
the particle form distinctly different from PURE-TiO2 or N- TiO2. This is assumed due to the fact that 
inserted metal ions had a significant effect on the growth of the particles.
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Fig 2. SEM images of sample, a:Pure-TiO2 , b:Zn-TiO2 , c:N-TiO2 , d:Zn-N-TiO2
1.5. Crystal phase analysis and Elemental analysis of prepared TiOYGphotocatalyst
We performed XRD and EDS for prepared photocatalyst and the results are shown in Table 2, 3.
Table 2. XRD peak area ratio of TiO2 Photocatalyst.
Peak area Pure-TiO2 Zn-TiO2 N-TiO2 Zn-N-TiO2
Anatase
Rutile
81.4
18.6
100
0
81.3
18.7
100
0
Table 3. Atomic ratio of TiO2 photocatalyst measured by EDS.
Atomic ratio Pure-TiO2 Zn-TiO2 N-TiO2 Zn-N-TiO2
Oxygen
Titanium
74.0
26.0
71.7
28.3
69.1
30.9
74.2
25.8
It can be seen that all photocatalysts generally showed Anatase peak but pure TiO2 particles and 
nitrogen-doped TiO2 particles show some Rutile peak. This is assumed due to the fact that transition 
metal ions inserted for reforming photocatalyst prevent the transition to Rutile in the process of 
crystallizing TiO2 through heat treatment.
Zn and N were not measured Zn or N doped TiO2. However, when examining the differences in the 
results of the Methylene blue decomposition experiment, XRD and SEM, doping elements seem not to 
have been observed through EDS which can measure only the components of the surface because doping 
elements permeated into the inside not photocatalyst surface rather than elements being not doped.
1.6. Photoactivation Assessment through Methylene blue decomposition experiment
Fig 3 show changes in concentrations depending on the type of photocatalyst in photodegradation of 
Methylene blue of the initial concentration 10ppm. The decomposition rate of Methylene blue is 
proportional to the concentration of Methylene blue. Photodegradation efficiency of photocatalyst was 
shown in the order of Pure > Zn >Cu> Fe > Mn > Cr depending on the type of doping ions. The doping of 
metal ions is assumed to have acted as a cause of creating low Methylene blue decomposition efficiency 
of photocatalyst. Also, the photocatalytic effect of doping ions seems to be related with the number of an 
element. It was found that photocatalytic efficiency of M-N-TiO2 is generally lower than that of M-TiO2.
It was found that except for N-TiO2 doping case and Cr-N-TiO2. Except for these, Methylene blue 
decomposition efficiency of M-N-TiO2 was only 90 ~ 50% of that of M-TiO2
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Fig 3. Photodegradation of Methylene blue by UV-A and prepared TiO2 photocatalyst
Conclusion
For preparation of low energy consuming photocatalytic water treatment system, 4-periodic transition 
metal ion doped TiO2 photocatalysts and nitrogen co-doped TiO2 photocatalysts were synthesized by sol-
gel method. Experimental results are as the following;
1) SEM measurements explain, the particle diameter of these photocatalysts turned out to appear very 
irregularly compared to pure TiO2 photocatalyst. In case of N-TiO2, the diameter of fine particles was 
smaller than other photocatalysts but in case of M-TiO2, the diameter of fine particles appeared big and 
that of photocatalyst appeared very irregularly. This shows that metal ions adding doping elements may 
have a significant impact on the particle growth process.
2) XRD measurements show that doping of transition metal ions may have a significant effect on the 
crystal ratio of TiO2 photocatalyst. It was found that if inserting metal ions, Anatase determining ratio 
increases more than pure TiO2 or N-TiO2.
3) According to the result of Methylene blue decomposition experiment, photocatalytic efficiency was 
shown in order of N-TiO2 > Pure-TiO2 > M-TiO2 > M-N-TiO2. Photocatalytic efficiency of N-TiO2
photocatalyst appeared high by pure TiO2 photocatalyst. But, photoactivation of M-N-TiO2 photocatalyst 
decreased compared to M-TiO2. This is assumed because doping elements inserted to improve the 
performance of photocatalyst promoted recombination of electrons and holes.
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